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Bury, P. S. I. (1975). British Journal of Industrial Medicine, 32, 119-139. A comparison of
concentrations of lead in human tissues. This postmortem study of lead concentrations in the
tissues of 129 subjects is an extension to a report by Barry and Mossman (1970). Lead
concentrations in bone greatly exceeded the concentrations in soft tissues and were highest
in the dense bones. Bone lead concentrations increased with age in both sexes, more especially
in male subjects and in dense bone, varying between mean values of 2-16 ppm in the ribs of
children to over 50 ppm in the dense petrous temporal bones of elderly male adults. Male
adults contained over 30% more lead in their bones than females.

Mean concentrations of lead in the soft tissues varied from less than 0-1 ppm in organs
such as muscle and heart to over 2 ppm in the aorta. In most tissues with lead values in
excess of 0-2 ppm the male concentrations exceeded female values by about 30%. With the
exception of the aorta, spleen, lung, and prostate, lead concentrations did not increase with age
in the soft tissues of either sex after about the second decade of life.

Children showed concentrations of lead in their soft tissues comparable to female adults,
but the concentrations in bone were much lower. It is suggested that children do not possess
the same capacity as adults to retain lead in bone.

In male adults occupationally exposed to lead the concentrations of lead in bone exceeded
the concentrations in unexposed male adults within the same age group by two- to three-
fold. Soft tissue lead concentrations between the two groups were less divergent.

An assessment of the total body burden of lead revealed higher levels in adult male subjects
than in females at mean values of 164 8 mg compared to 103-6 mg, respectively. Over 90% of
the total body burden of lead in adults was in bone, of which over 70% was in dense bone.
Male adults occupationally exposed to lead had mean total body burdens of 566-4 mg Pb, of
which 97 % was in bone.

The release of lead from bone in conjunction with calcium was not considered to be of
physiological significance.

Lead concentrations in hair and nails were higher than soft tissue lead concentrations
and varied widely. Hair lead measurements were not considered to provide a reliable assess-
ment of lead absorption.

The concentrations of lead in the tissues of a mixed group of subjects with no known occu-
pational exposure to lead have been shown to be comparable to the findings in earlier studies.
Present levels of lead in the environment are not considered to be a hazard to the health of
the population in general.

la the past few years much attention has been paid (rations of lead in man. A great deal of investiga-
te the possible health effects of low level concen- tory work has been undertaken with a view to
•Arullsetof.hed.u.K)meof.hieharenott.bul.tedinihi, defining the pathways of lead metabolism and
report, may be obtained from the author on request. mechanisms of interference with physiological
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function irrespective of whether such interference
may be of significance in relation to health.

High levels of lead intake have been known for
many centuries to cause clinical illness in man. The
observations of Hippocrates (370 BC). Pliny (AD
?.3-79). and Dioscorrdes (AD 100) have been docu-
mented by Hunter (1957). In later limes Ramazzmi
(1713). Sir George Baker (1941). Thomas Per-
cival (1774). and Tanquerel des Planches (1848)
described lead poisoning from various sources m
people w i t h differing occupations and habits.

However it was not until the publication by
Kehoe. Thamann. and Cholak in 1933 'On the
normal absorption and excretion of lead' that it was
appreciated that lead was an inevitable constituent
of body tissues by virtue of the ubiquitous presence
of the metal on the surface of the earth. At the
present time no useful function is known to be served
by lead in the body.

The purpose of this study, an extension and
follow-up to an earlier study by Barry and Mossman
(1970). is to report the concentrations of lead found
in the tissues of a largely urban contemporary
population from a heavily industrial part of the
north-west of England and to draw tentative con-
clusions from the data.

Study outline
Between May 1966 and May 1973 up to 35 different
organs and tissues from a total of 129 cadavers were
analysed for lead content. Out of this total 119 (60 male
adults. 36 female adulis. and 23 male and female children
aged 16 years and under) had no history of occupational
exposure to lead. Seven of the remaining 10 subjects, all
male adults, had defined histories of occupational
exposure to lead. It was concluded from a study ot the
data that the other three, from whom no history of
occupation was obtained, had probably had an unusual
past exposure to lead.

A wide distribution of age. limited only by availability
of subjects, was obtained. Causes of death were varied, as
were past illnesses and occupations during life. As all
cases were subjected to postmortem examination for
reasons associated with unusual or ill-defined causes of
death, they might be considered unrepresentative of a
normal population. Apart from this reservation however
and considerations of age distribution and sex. no attempt
was made to select cases for the study.

The preparation of samples and the analytical tech-
nique employed were the same as reported in the earlier
study of Barry and Mossman (1970).

Results
For the most part results have been recorded in parts
per million in wet weight of tissue on the samples as
received. Exceptions included bones where a com-
parison was made in parts per million on wet weight
and dry weight, and in the assessment of total body
burden which was measured in milligrams.

A wide var ia t ion in lead concentrations in tissues
between individual subjects was noted, particularly
in bone.

The first section of th is report is concerned with
male and female subjects wan no known occupa-
tional exposure to lead.

No known occupational exposure to lead
I. Sex difference A comparison of the concentrations
of lead in the (issues of male and female adults over
the age of 16 years is represented in Table I. The
mean concentrations of lead in the various bones
examined exceeded mean individual soft tissue
concentrations in both sexes by a considerable
margin. Mean bone lead concentrations varied
between 8-85 ppm in rib to 33-71 ppm in the petrous
temporal bone in male subjects, compared with 6-77
ppm and 26-63 ppm respectively in females. These
values represent a ratio of mean concentrations of
lead in the bones of male adults compared with
female adults of approximately 1-3:1. They agree
quite closely with the mean values reported by
Kehoe in 1961 and 1963 and confirm the difference
between long and flat bones noted by Tompsett in
1936.

The concentrations of lead in male soft tissues
exceeded the values in equivalent female tissues by
about 30°, in most of those tissues where mean lead
values exceeded 0-2 ppm. In tissues with mean lead
values of 0-2 ppm and less there was no difference
between the sexes.

In both sexes the kidney cortex showed a higher
mean concentration of lead than the kidney
medulla by about 50%. Allcroft (1951) found that
the kidney cortex contained higher concentrations
of lead than the medulla in bovine animals poisoned
by lead. Coyer and Rhyne (1973) have shown that
lead tends to concentrate in the region of the proxi-
mal convoluted tubules, the straight parts of which
extend into the renal cortex.

The lead concentration in male kidney tissue
exceeded the concentration in female kidney by more
than 30°;, as also did the male liver and pancreas.
Atheromatous aorta in male subjects at a mean lead
concentration of 2-56 ppm was more than double the
female value of 1-17 ppm. while non-atheromatous
aortic mean values were approximately the same in
both sexes, 1-82 ppm in males and 1-70 ppm in
females.

The mean lead concentrations in the hilar lym-
phatic glands were approximately the same in both
sexes. 0-50 ppm in males and 0-46 ppm in females.
These values were about double the mean concen-
tration of lead in lung in both sexes of 0-22 ppm, and
suggest that pulmonary macrophage activity may
have been responsible for the higher values found in
the hilar glands.

Hair in female subjects showed mean lead values



ines 121

TABLE I
CONCENTRATIONS OF LEAD IN TISSUES OF SUBJECTS WITH NO KNOWN OCCUPATIONAL

EXPOSURE TO LEAD ippm WET WEIGHT)

Bone
Petrous temporal
Tibia
Calvanum
Rib

.So. a/

30
60
31
60

Hair -<3
Sails
Vona

Atheroma
Non-atheroma

Li\er
Dense connective tissue

Cartilage
Lifamenium nuchae

Kidney
Cortex
Medulla

Hilar lymphatics
Pancreas
Prostate
Ovary
Skin
Spleen
Lung
Thyroid
Blood
Suprarenal
Brain

Cortex
Basal ganglia

Fat
Subcutaneous
Omentum

Gut
Caecum
Midgui
Stomach

Testis
Heart
Muscle
Faeces int. g ash)
Urine (Mg/l)

28

}J
42
58

18
16

59
59
56
58
53

16
59
59
55
53
54

58
34

23
19

32
31
32
43
59
35
50
24

Mi-an

>.V7I
-3 40
20 17

a as
0 56
4 72

256
1 82
1 03

1 29
033

0-78
050
050
037
027

0 19
023
C-22
0 19
020
015

0 10
009

008
O i l

009
0 12
OC9
008
007
0-05

17 39
39-58

Malt? adults

SO

2234
1596
1600
581
505
.'46

.'49
247
062

I 58
029

038
025
057
026
051

0 1 4
025
O i l
0 2 3
0 12
O i l

0 14
004

008
0 II

006
006
005
004
005
004

1240
4380

*""

6 70- SO 00
3 00- 7300
3 90- 7900
090- 28-50
! 00- 20 00
0 05- IS 00

021- 1720
0-1.9- !270
018- 3 1 3

005- 480
003- 090

015- 135
013- 146
006- 288
0 09- 1 42
0 03- 2 82

001- 060
003- 143
005- 059
005- 1 45
003- 079
C-OI- 062

002- 07S
004- 019

001- 040
002- 052

003- 027
005- 0-32
003- 023
002- 0-28
001- 030
0-02- 0-23
2 20- 59 40
800-19200

Female adults

\<i. of

16
36
17
36
I S
I I

16
22
36

12
I I

35
36
34
36

25
20
34
36
30
30
27

34
17

20
14

27
27
26

36
29
29
10

M,-an

2663
1599
1646
677

I I 4 9
5 58

1 1 7
1 70
066

056
0 37

055
038
046
027

026
0 IS
021
022
021
0 16
0 17

0 12
O i l

006
008

0 14
0 12
0-11

008
005

17 W
238

SO

1542
1249
1308
508

1489
4 2 2

1 23
264
038

053
0 2 3

039
0 19
028
017

0-31
0-1 1
026
0-12
030
0-10
O i l

0 IS
005

004
003

0 14
0 10
0-10

006
003

18-11
2527

*„„,,

750-6200
1 50-4800
500-5420
085-2260
070-5500
1 50-1500

0 09- 4 20
007-12 20
0 19- 1 72

008- 1 75
0 10- 0 86

0 10- 220
O i l - 097
003- 1 20
O i l - 0 9 5

003- 1 09
0 03- 0 42
004- 140
004- 0 55
004- 1-73
004- 0-41
0 OS- 0-48

001- 067
0 05- 0-23

002- 0 16
003- 0 13

0 02- 0 68
0 03- 0 48
0 02- 0 42

002- 0 31
001- 0 15
280-80-00
500-9000

nearly twice those of males (11 -49 ppm in females and
6 56 ppm in males), but nails showed nearer the
same values (5-58 ppm in females and 4-72 ppm in
males). These particular (issues will be discussed later
in this report.

2. BOM The distribution of frequencies of occurrence
of lead in the bones (wet basis) of male and female
subjects of all ages showed approximately 90% of
the lead in rib values in both sexes to be less than
IS ppm, compared with nearly 60% for tibia and
calvarium and nearly 40% for the petrous temporal

bone. Of the 20 results of lead in male tibia in
excess of 30 ppm. 17 were from men over the age of
55 years; of the remaining 51 results of less than 30
ppm. 12 were from men in this same age group. The
dense petrous lemporal bone contained the highest
concentrations of lead among the four bones
examined in both sexes, and the vascular rib the
lowest concentrations (Table I).

It was reported by Barry and Mossman (1970) that
the frequency distribution 01 the lead content of male
tibia was Diphasic. The present data, which included
those of the earlier report, did not indicate evi-
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dence of a biphasic distribution. It would seem that
the greater number of incorporated values have
smoothed out the previous pattern. The contention
in the earlier report that the male subjects comprised
two groups suggesting two distinct categories with
respect to magnitude of exposure to lead, or that the
opportunity for exposure may have been greater in
the past, cannot be held (enable in the l igh t of the
present evidence.

The lead concentrations in the four varieties of
bone examined were compared on a basis of ash
weight versus wet weight in 46 subjects of both sexes.
These results included those reported at the Inter-
national Symposium on Environmental Health
Aspects of Lead. Amsterdam, 1972 (Barry. 1973).
On wet weight, for all subjects, the mean lead
concentration of 5-9 ppm in rib was approximately
one third of the values recorded in calvarium and
tibia and less than a quarter of the concentration in
the petrous temporal bone. Mean wet weight values
for the 21 male adults showed rib at 7-4 ppm with just
over a quarter of the lead concentrations of cal-
varium and tibia and less than one fifth of the
petrous temporal bone. In 14 female adult ribs, with
a mean lead concentration of 5-8 ppm, the cor-
responding values were less than a half and less than
a quarter.

Wet weight values in 11 children showed the
concentrations of lead in all four bones to be more
approximate, with rib over half that of the petrous
temporal bone, at 3-1 ppm and 5-6 ppm respec-
tively.

On ash weight measurement the female adults
showed a mean concentration of lead in rib which
approximated to the mean concentrations in
calvarium and tibia, i.e., between 16-9 ppm and 19-0
ppm. but about half that of the petrous temporal
bone. In male adults the mean lead concentration
in rib was more than 75 % of the values recorded for
calvarium and tibia, i.e., 27-7 ppm compared to
33-9 and 37-3 ppm respectively, and about half of
the concentration in the petrous temporal bone of
54-2 ppm. The ash weight results for adult ribs
related closely to those reported by Hislop ei at.
(1973). In children the mean ash weight concentra-
tion of lead in rib of 8-3 ppm equated with that of the
petrous temporal bone but was approximately 23 %
greater than the values recorded for calvarium and
tibia.

The ratios of ash weight to wet weight for the
calvarium. tibia, and petrous temporal bones were
nearly the same, between 1-3:1 and 1-6:1 for both
male and female adults and children. The ash weight/
wet weight ratio for rib was 4 ' l i l in male adults and
2-9:1 and 2-7:1 respectively in female adults and
children.

Assessment by ash weight brought the concen-
trations of lead in rib closer to those of the other

bones, but in adults a distinct difference remained
between rib and the petrous temporal bone. Thus
these findings do not support the view that analytical
results reported on a basis of ash weight are neces-
sarily uniform irrespective of the type of bone, as was
suggested in the report of the National Research
Council (1972).

3. Effect of age on tissue lead concentrations (a) Bone:
The data in Figs 1 and 2 and in Tables 2 and 3
demonstrate that lead concentrations in the bones
(wet weight) increased with age in both sexes. Male
subjects showed a more pronounced increase than
females. The petrous temporal bone, in addition to
having the highest concentrations of lead, showed the
steepest rise of lead concentration with age in both
sexes, followed by the tibia and then the calvarium.
Rib showed the lowest rate of increase in both
sexes, particularly in females. There was no evidence
of decrease of lead concentration with age in the
bones of either sex. These findings agree with those
of Morris (1940).

Schroeder and Tipton (1968) suggested that at the
fifth decade of life the lead concentrations in bone
levelled off and thereafter decreased. Their measure-
ments were based upon concentrations of lead in rib
in a mixed group of male and female subjects. In the
70 and 80-year-old age groups they amounted to a
total of three results in female subjects only. Our
findings indicate a definite difference in lead con-
centrations in comparable bones between sexes and
that an extrapolation of results obtained from rib
alone would not provide a valid representation of the
lead content in the whole skeleton.

(6) Soft tissues: The data presented in Tables 2 and
3 demonstrate that the majority of the soft tissues
did not show an increase of lead concentration with
age after about the second decade of life. Exceptions
were the aorta and to a lesser extent the spleen and
lung in both sexes, as shown in Figs 3 and 4. In
addition, the prostate, and also the cartilage in
females, showed minimal evidence of increase of
lead concentration with age. None of the other
tissues examined showed evidence of increased lead
concentration with age in either sex. but the skin,
subcutaneous fat, and muscle showed a marginal
decrease of lead concentrations with age in both
sexes, as did the testis and faeces in male subjects.

Children
The tissues from 23 infants and children up to 16
years of ,age were analysed for lead content. Of this
number, 14 were male subjects and nine female; 18
were under the age of 10 yean (nine of each sex).
There was no apparent difference in tissue lead
concentrations between the sexes.

The lead concentrations in all of the tissues
examined are given in Table 4. Mean bone lead
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TABLE 2
AGE GROUPS— MALES

TISSUE LEAD CONCENTRATIONS—ppm WET WEIGHT

Bon«
Petrous temporal

T.bn

Cjlvanum

Rib

Hair

Nails

Aorta
Aiheroma

Non-alh«roma

Liver

Dense connective (issue
Cartilage

Ligamcntum nuchac..

Kidney
Concx

. Medulla

Hilar lymphatics

Pancreas

Prostate

Skin

Spleen .

Lung

Thyroid .

Blood .

Suprarenal

Brain
Cortci

Basal ganglia

Fat
Subcutancoua..

Omcnlum

Cut
Caecum

Midgut

Stomach

Tesus ..

rltMtf .. ..

Muscta ..

Faaca* (wi/g ash)

Urine (wg/l)

\tfit*
I ft»ttr)

550
11 20-8-10)

2 4 1
(0 :i- 5 !OI

5 10
COO- fi 70)

I 13
lOOl- )90)

6 10
I) 20- 9001

5500

014
(004. 029)

065
(OOg- I 24)

0-21
(0-04- 0 44)

0 I)

I 040
(0-01- 103)

* 029
(ooi- <y 10)

3 066
(004. 140)

6 041
(0-26- fr6l)

3 0-ti
(0 10- 0^ SO)

3 029
(0-07- a«9)

9 0-12
(006- 0-11)

9 Oil
(001- 0-42)

6 0 II
(001- 042

6 009
(004. 0-13)

3 031
(001- 0-17)

9 006
(001- 0-21)

3 013
(00*- 0 24)

3 0-27
(Oil- 0-33)

2 0-13
IOMM- 017)

6 O i l
(001- 0 2 1 )

A 00V
(003- 0-17)

7 0-07
(001- 1)20)

3 Oil
(00* 0 30)

I 003
(001- O i l )

6 OOf
(001- 0-16)

3 314*
(344-7700)

3 2743
(I30-30-00)

4 795
1J 40-16 001

7 4 53
(I <0-I2 501

4 4 *>
I I '(O. 9 00}

I 309
II OO- 696)

3 <66
(2 30-1900)

3 1200
(400-1300)

3 006
1003- 009)

6 I 13
(004- 990)

I 012
(0 34- I 36)

3 01!
1004- 022)

3 043
(009- I 00)

I 0 37
(034- 100)

I 043
(0-24- 0-111

7 061
1010- I 70)

I 0-36
(022* 061)

6 0-13
(003- 0-U)

4 036
10-13- fr 70)

7 014
(007- 0 2 1 1

I 0-11
(009- 040)

6 020
(007- 041)

6 030
(007- 0-T9)

6 017
(004- 0 27)

I OOf
(002- 017)

3 0 13
(004. 0 II)

4 030
(003. 0 31)

3 Oi l
(005. 016)

4 0 13
(0-04- 021)

4 0 13
(O06- 0 19)

4 Oi:
(0-04- 0 23)

« 009
(003- 0 16)

I 012
(003- a 24)

4 0-10
(0-02- 0 23)

I ll-fl
(330-3* 40)

J 39-20
(1300-71 00)

7 <)S6
16 70-1! 401

t 641
iioo-i: 30)

8 64V
(4 10-11 801

9 403
11 75- ? 60)

7 9 It
II 50-1900)

4 74)
(3 30- 9 OOI

4 021
(0 21- 0 241

9 041
(0 10- I O4)

1 I II
1044- I 80)

2 009
(003- 012)

2 026
(0 20- 0 3 1 )

9 I 07
(0 35- I 13)

9 032
(027- 071)

7 046
1013- I 75)

9 030
(0-3O- I 20)

« 009
(»04- 0-13)

3 03*
(0 21- 060)

9 0-12
1003- 024)

9 0 16
10 II- 0201

I 0 13
(001- 021)

I 0 19
(0 01- 0 25)

I Oil
(0 Oi- 0 3D

9 007
(0-04- 009)

I 009
(0-05- 0 16)

3 0 10
(0-04. 0 II)

3 0 10
(006- 0 14)

2 0-06
(004- 007)

2 009
(0-05- 0 12)

2 01.1
(006- o y>\

9 009
(006 oi:>

9 001
(003- 019)

3 003
(004- 007)

5 1 6 1 3
(3 13-2300)
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TABLE 3
AGE GROUPS—FEMALES

TISSUE LEAD CONCENTRATIONS—ppm WET WEIGHT

7V,>..<-

Bone
Petrout temporal

T.bia

Cilvarium

Rib

Hair . . .

NnH

Aorta
Aihcroma

Non-alheroma

Liver

Dense connective tiisue
Cartilage

Ligamemum nuchae

Kidney
Cortex

Medulla

Hilar lymphanci

Pancnai

Ovary

Skin

SpKen

1 ung

Triyroid

Blood

Suprarenal

Brain
Cone* . .

Ba\al ganglia

Fit
Subcuunacw*

Omentum

Gut
Caecum

Mdtut ..

Stomach

Hort

Musck . .

Fa«c» (1.1,1 a>h)

Urine 0>g/l)

.No

3

7

5

9

3

2

0

6

9

5

1

9

9

4

8

5

S

9

9

7

6

6

I

5

3

3

7

7

7

9

7

6

1

i;-»

1 Rani?)

427
(0 25- 6 70)

299
(0 62- 6 20)

4 58
(1 10- 650)

248
(001- 5 50)

16 14
(720-2300)

7250
(4500-1000)

034
(007. 1 10)

063
(OHO- 1 37)

029
(0 18- 050)

034
(0 19- 048)

042
(003- 1 20)

0»
(OOJ- 073)

051
(0 38- 1 60)

023
(001- 058)

0-34
(0-10- 150)

073
(fr23- 1 80)

0 12
(002- 023)

0 15
(0 02- 0 32)

aa
(0 10- 080)

0 12
(001- 040)

039
(0-14- 1 20)

007
(001- 0 19)

0 13
(006- 033)

048
(OO9- 1 30)

023
( O i l - 067)

013
(001- 025)

0 19
(0 03- 0 52)

008
(OOJ- 0 14)

0-08
(0-01- 0 14)

0 10
CO-OJ- 0-30)

2993
(1 70-7500)

2700

„„,

10-19

.No. \lriui
( Ranie 1

1 7 50

1 590

1 520

1 1000

1 860

0

1 0 14

1 026

1 067

1 026

0

1 037

1 039

0

1 036

1 0-14

0

1 Oil

1 0-33

1 0-12

1 023

1 022

1 001

0

1 003

1 0-10

1 0-29

1 017

1 040

1 0-13
1

1 004

t 31 00

1 36-00

,.„>

\o.

2

5

2

5

3

2

1

5

5

2

2

5

5

5

5

5

2

3

3

5

5

5

1

3

2

2

2

I

1

1

2

3

0

:o-x
Vran

940
(780-11 00)

146
(2 50- 6 30)

700
(6 50- 7 50)

3 23
( 1 50- 4 90)

12 10
(7 70-1900)

1300
(1100-1500)

OO9

027
(007. 064)

064
(0 42- 0 80)

0 14
(008- O2O)

0-30
(0 20- 0*0)

059
(026- 1 35)

049
(O2I- CV97)

033
(007. 063)

028
(024- 0-33)

O i l
(frOJ- 0-34)

0 14
(O07- 0-21)

O i l
1006- 0-14)

0-19
(0-06- 0-44)

OIO
(0 04. 0-20)

018
(004- a 32)

014
(009. 0-19)

006
1004- 0-07)

008
1005- 010)

003
(004. IV06>

0-06
(005- 006)

006
(005- 006)

007
(003- 008)

007
(003- 008)

0-07
(004. 0-13)

003
(004- 0-05)

3230
(12504500)

\o.

2

2

2

2

2

2

0

2

2

0

0

2

2

2

2

2

2

1

2

2

2

1

1

2

2

2

0

0

0

2

2

2

2

JO-19

\trart
( Range)

23 50
11700-1000)

17 50
11400-2100)

2230
(1200-3300)

1030
(900-1200)

5 18
(1 36. 900)

359
(3 57. 360)

044
(041. 047)

043
(025- 061)

0-24
(0 20. 0 28)

0-19
(0 13. 024)

009
(OOJ. 0-15)

ai3
(0-1 1. 0-18)

O-'O
(005. 0-13)

f>23
(008. 0-42)

0-04

0-13
(014. 015)

0-13
(008. 0 17)

0-14
(012- 015)

027

008

009
(OO8- 009)

004
(OOJ- 005)

<K»
(006- 006)

0-03
(004. 0-05)

003
(0-03- 0 03)

1300
(1200-1400)

1230
(5-0 .20 00)



Table 3 continues

411-49

Vo. Mfun
1 Aimer)

J 21 17
11400-3400)

10 94
I I 50-2200)

•1 1473
(5 60-31 50)

7 392
II 20-10001

3 5')7
(4 70- 8 00)

1 700

4 064
(0 32- 093)

3 038
(0 12- 0 88)

7 070
(019- 1 25)

3 029
(02*- 0 30)

3 04*
(0 24. 0 86)

7 086
(0 37- 2 20)

7 042
(0 23- 0 70)

7 04)
(0 10- 1 05)

7 026
(0 12- 0 39)

4 023
(003- 062)

4 0-16
(0-07. 0' 10)

6 0 14
(009- 0 17)

7 02)
(0 II- 0 30)

6 0-14
(006. 026)

6 0 17
(006- 0 30)

5 0 II
(006- 033)

7 001
(004. 0 18)

4 013
(00»- o 161

4 007
(003- O i l )

3 OOf
(005- 013)

6 020
(003- 061)

6 009
(003- 0 I6>

6 015
(0-05- 042)

7 009
(042- O3I)

6 047
(001- 0-13)

6 DM
(340-3900)

4 1700
(700-260)

H'.S*

No. \lran

2 2200
12000-24001

4 12 39
14 70-17 10)

2 1050
1500-1600)

4 556
(2 50- 9 10)

3 8 3)
(1 30-21 10)

2 1 50
(1 SO- 1 SO)

2 t>«9
(0 Ift 0-47)

3 1 24
(0 69. 1 65)

4 0.17
(023-043)

2 0*0
(0)0- 1 30)

2 041
(0 20- 0 75)

4 04)
(0 30- 0-77)

4 a23
(017. 0 30)

) 046
(0 32- 060)

4 037
( O I L 0-95)

3 01)
( O i l . »IS)

2 013
(0 10- 0-20)

4 015
(007. 02»)

4 013
(006- 020)

4 0-16
(010-022)

) 0-07
(005- 0-10)

4 0-18
(0 06- 0 41)

3 005
(001- 001)

2 009
(005- 013)

2 003
(002- 003)

2 008
100). 0 13)

) 005
(0 0)- 0 071

3 0-f*
IO04- O i l )

) Oil
(00)- 0-24)

4 0-OJ
(004. 0-05)

) 00)
(001- 005)

2 600
(300- 900)

0

50-69

N.i Wrun
( RtWlf)

2 33 50
i29 00-3*0(1)

8 1884
(7 7|_l3 20)

2 1365
I I I 30-1600)

8 8 16
(0-85-22-AO)

2 2863
(230-5500)

2 313
II 30- 5 50)

) 1 04
',0-91- 1 10)

) 221
(098- 4 10)

8 014
(02)- 1 49)

2 071
1013- 1 10)

2 020
(0 10- 0 301

7 032
(021- 085)

8 04)
(014. 077)

I 04*
(0 15- O S I )

1 019
(0 16- 073)

4 0-26
(005- a 78)

6 0-15
(0-04- 0 35)

1 03)iao«- 1 40)
i 018

(004. 0 30)
4 0 17

(007- 027)
7 0 19

(&04- 041)
) 0-19

(0-Ot- 0 23)

8 027
'0 05- 0 67)

2 O 12
( O i l - 0 I))

5 006
(002- 0 16)

2 010
(00*- 0 12)

8 013
(OO4- 0 2))

8 0-17(004. a4«j
7 009

(006- 0 14)
1 007

(003- 0 14)
8 006

(002- 0 10)
7 ll'97

(2MMOOO)
1 90-00

•:i. -9

Nj Wi-clif

0

4 IV 85
i 10 "0-44 4O)

0

4 ' 37
('50-13 10)

0

0

1 411

1 411

4 051
(O-)J- 07|)

0

0

4 043
(0 30- 0-61)

4 0)7
(0-26. 0 54)

4 071
(0)6- 1 20)

4 0-26
(013- 04))

1 0-19

2 0 12
(003- 0-20)

4 020
(007- 0 39)

4 0))
(0 16- 0-3))

) 0-16
(0-11. 0-23)

3 014
(007. 0 26)

) 0-1)
(003- 0 21)

4 0 10
(006- 019)

0

2 006
(005- 006)

0

4 0 17
(002- 04O

4 0 15
(006- 0 36)

4 006
(0-02- 0 16)

4 00*
(005- 014)

4 005 *
(00). 007)

4 1465
(A99-)2 10)

0

JtJ.-V

No. \lran
( Runfrt

i 4) 33
(26004200)

4 2459
16)5-4: 00)

3 1807
11070-2700)

4 835
1160-1650)

3 16 27
(0 7O4) 00)

2 43)
(200- 670)

) I 77
(0 47. 4 20)

) 2 13
(146- 330)

4 037
(020- 100)

2 113
(051- 1 75)

2 0))
(0 30- 0 36)

4 034
(0 10- 0571

4 0-27
(0-1 1- 04*)

4 049
10 S3- 060)

4 0-12
(012- 025)

4 032
(0 07. 0-*4)

2 00*
(001- 0-0*)

4 036
(0(7- »**)

4 023
(013- 033)

4 014
«M)6- 0-3!)

2 019
(0 15- »22)

4 0-09
(005- 013)

4 006
(0 0)- 0-09)

3 0 12
(006- 023)

2 006
(0 02- 009)

2 007
1004- 0 10)

) 007
(004- 009)

) 009
(006- 013)

3 005
(0 05- 0 06)

4 005
(0 0)- 0 07)

) 003
(001- 004)

) 163)
(500-1100)

1 700

9,,-99

.NO. Af«»
(Raw >

1 48 50

1 4800

1 5420

1 17 10

1 257

0

1 160

1 1220

1 1 72

0

0

1 06)

1 057

1 064

1 045

1 10*

0

1 036

1 050

1 17)

1 020

1 032

1 021

1 0 16

0

a

0

0

0

1 02)

0

1 2)60

1 1200
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FIG. 3. Lead concentrations in soft (issues—non-occupational exposure (95'/, confidence limits).
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FIG. 4. Lead concentrations in soft tissues—non-occupational exposure (95% confidence limits).

concentrations were considerably lower than those
of adults, varying between 2-16 ppm for rib and 5-80
ppm for the oetrous temporal bone. The concentra-
tions of lead in the soft tissues were mostly com-
parable to those in corresponding female adult
tissues; aorta, cartilage, kidney, pancreas, lung,
spleen, and blood had rather lower mean values, and
skin, suprarenal gland, ovary, and fat had higher
values. Also the testes showed mean lead concentra-
tions a little in excess of the mean of the adult
values.

The concentrations of lead in the tissues of three
age groups of children are shown in Table 5. In eight
infants of less than I year of age the mean lead
concentrations in the tissues were all lower than those
in the corresponding tissues of 10 children aged
between 2 and 9 years and of five children aged
between 13 and 16 yean. Bone lead concentrations
were similar in the latter two age groups, but the soft
tissue lead concentrations in the children aged 2 to
9 years were higher than in the 13 to 16-year-old

group, with the exception of heart, spleen, and blood
in which the values were comparable.

The mean faecal lead concentration of 14 of the
children was 31-26 pg/g ash (Table 4). On the basis
of an excretion mass of 15 g per day dry weight
(Ter Haar and Aranow, 1974) and an estimated ratio
of ash weight to dry weight of 2-3:1 this would
amount to a mean daily excretion of 187-56 pg of
lead. Chisolm and Harrison (1956) estimated a
normal faecal excretion of lead in children of 132 pg
per day, and Btrltrop and Killala (V967) of 123 ̂ g
per day. The mean faecal lead concentration in the
adult subjects with no occupational exposure to lead
was shown to lie between 17 and 18 pg/g ash (Table
1). At an estimated dry weight daily faecal mass
excretion of 40 g, the daily lead excretion of the
adults would approximate to 280 pg, a figure in
accord with the findings of Kehoe (1961) and of
Thompson (1971) for the normal daily excretion of
lead in adults.

Three of the children in the age group 2 to 9 yean
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T A B L E 4
TISSUE LEAD CONCENTRATIONS IN CHILDREN AGED 16 YEARS AND UNDER

(ppm WET WEIGHT)

Tissue

Bone
Petrous temporal
Tibia
Cjlvarcum . .
Rib

Hair
\4llt
Aorta

Atheronu
Non-aiheroma

Liver .
Dense connective (issue

Cartilage . .
Lifarnenium nuchae

Kidney
Conex
Medulla

Hilar lymphatics
Pancreas
Ovary
Prostate
Skin
Spleen
Lung
Thvroid
Blood
Suprarenal
Brain

Cortex
Basal ganglia

Fat
Subcutantouj

Omentum
Cut

Caecum
Midfut
Stomach

Testis
Heart .
Muscle
Faeces <pgvg ash» . .
trine (M« It . .

So. samples

12
18
12
23
1 1

5

4
14
23

I I
6

22
22
I I
19
5
7

11
22
23
17
16
I S

22
12

I I
10

16
16
17
7

22
16
14
7

Mean

580
271
482
2 16

1065
4420

007
097
064

023
035

045
031
062
033
054
022
052
01)
014
022
0 12
030

007
013

036
0 IS

0 12
0-14
0-07
0-14
007
008

31 26
3590

SD

402
1 94
2 3 2
1 48
7 36

3723

004
259
041

015
035

036
024
049
0-17
0-56
0 19
048
006
010on
010
032

005
0-09

035
0-18

0-07
0-12
0-05
0 10
0-05
007

27-«5
23-90

Range

025- 1600
021- 620
1 10- 900
001- 550
2 30- 25 00
600-10000

003- O i l
0 04- 9 90
0 OS- 1 40

004- 050
009- 100

001- 120
001- 080
0 04. 1 60
001- 068
010- 1 50
003- 050
007- 180 ..
002- 02J
001- 042
0-01- 080
001- 040
0-01- 120

001- 021
0-04- 033

003- 130
005- 067

001- 025
0-03- 052
001- 020
003- 030
001- 018
002- 030
1 70- 7700
83 - 71 00

showed a mean faecal lead concentration of 73-33
fig/g ash, equivalent to a mean daily excretion of
440 *ig of lead. Exclusion of their faecal values
resulted in a mean faecal lead concentration in the
remaininf II children from whom faecal samples
were obtained of 20-42 pg/g ash, equivalent to a
daily excretion of 122-52 pg of lead.

The concentrations of lead in the tissues of the
three children with a high faecal lead content were
compared with those of six children less than 8 yean
of age, from whom faecal samples were obtained with
a mean faecal value of 12-53 pg Pb/g ash, equivalent
to a daily excretion of 75-18 /*g of lead. Their
tissue lead concentrations were for the most pan in
excess of those of the six children with a low faecal

lead content. Their soft tissue concentrations were
comparable to adult male soft tissue lead values, but
their bone lead values were much less than those of
adults of either sex, although in excess of those of the
six children with low faecal lead. The raised tissue
lead concentrations observed in the three children
with high faecal lead suggest an excess of lead intake
by ingestion, which probably occurred over a period
of time and nay have been associated with pica.

One of the children with high faecal lead, a boy
aged 9 yean at the time of death, was mentally
retarded and had suffered from idiopathic hyper-
calcaemia since infancy for which he had been taking
a low calcium diet. Death was due to a cerebro-
vascular accident caused by hypertension. In view of
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TABLE 5
TISSUE LEAD CONCENTRATIONS (ppm WET WEIGHT) IN CHILDREN OF V A R Y I N G AGE GROUPS

Tissue

Bone
Peiroui temporal
Calvarium
Tibia
Rib

Aorla
Liver
Kidney

Cortex
Medulla

Hilar lymphatics
Lung
Skin
Subcutaneous Tat
Prostate
Pancreas
Thyroid
Suprarenal
Spleen
Blood
Cut

Stomach
Midfut
Caecum

Brain cortex
Muscle
Heart
Faeces (jit/f ash)

S in f anil < / year old
(4 of tacH stx)

.Vo.

0
0
5
8

8

8
S
1
8
1
|
1
4
4
3
8
4

6

Mean Range

0.91 021-1 53
1-09 001-271
0-1 1
0-35 008-137

0-09 001-0-22
007 001-022
0-41
0-06 001-0-18
0-10
0-21
0-10
0-1] 001-031
0-13 001-024
0-10 001-014
0-10 002-0-18
0-03 001-005

0-03 001-006
0-05 003-008
0-06 001-010
0-03 001-006
0-06 002-0-13
0-03 0-01-0-09
2-3» 170-346

10 children aged 2-9 years
(1 of each sex)

\o.

8
8
9

10
9

10

9
9
6

10
7
7
2

10
9
8

10
8

8
8
8

10
8
9
7

Mean Range

473 0-25- 8 10
478 1 10- 6-70
3-70 0 96- 6 20
301 001- 5 50
030 004- 1-10
0-87 044- 1 40

070 021- 1 20
0 49 0 22- 0 80
0-73 004- 1 60
0 19 005- 042
0-63 007- 1 80
042 009- 1 30
0-48 0 45- 0-50
0-38 0 17- 068
0-28 0 07- 0 80
045 029- 1 20
0-13 008- 0-23
0-14 005- 040

Oil 001- 020
020 0 It- 0-52
0-15 006- 0-25
0-09 0 03- 0-21
0-11 0-03- 030
0-09 0-03- 0-17

4143 400-77-00

5 children aged lj-16 \rarx
(all male sex)

.Vo.

4
4
4
5
5
5

5
5
4
5
3
3
4
5
4

5
3
S
5

Mean Range

795 340-1600
4 90 1 90- 9 00
2-73 150-440
2 18 1 00- 3-30
2 16 004- 9-90
063 0 34- 0 92

058 034- 1 00
0-37 0 24- 0 65
0-50 0 10- 080
015 010 -025
039 015-070
0-27 003- 0-58
0-13 003- 025
0 36 0 22- 0-61
017 007- 0-26
0 15 004- 027
0-16 0-13- 0-21
0 15 007- 028

0-07 004- 0-10
0 14 0-06- 018
0 13 006- 0-20
0-07 002- 013
006 0-02-0- II
0-10 0-03-018

2850 9-00-52-00

the reported association of excessive lead intake and
nephropathy (Nye. 1929; Fairley, 1934; Henderson,
1954; Emmerson, 1963). a postmortem report on the
renal pathology would have been of considerable
interest, but unfortunately this was not obtained.
The concentrations of lead in the tissues of this child
approximated to the concentrations in the tissues of
the two other children with a similar faecal lead
content, both female and 2 and 3 yean of age
respectively, one of whom had died from asphyxia
in a polythene bag and the other from status
asthmatkus; in neither was there a history of
hypercakaemia. Thssc findings suggest that the
elevated tissue lead concentrations in the hyper-
calcaemic child were not influenced by calcium
metabolism. The concentrations of lead in the kidneys
of the three children were similar, i.e., 1 05 ppm in
the cortex and 0-80 ppm in the medulla of the
hypercalcaemic child, and 0-74 ppm and 1-20 ppm
in the cortex and 0-73 ppm and 0-57 ppm in the
medulla of the other two children; these values
were in excess of those of the children with a lower
faecal lead content.

Occupational exposure to lead
Seven male adults among the total of subjects
investigated had past histories of occupational
exposure to lead. A further three, for whom no
history of occupation was obtained, showed tissue
lead concentrations that were strongly suggestive
of past occupational exposure, and for this reason
these were included among the occupational
exposure group. Clinical lead poisoning was not
suspected in any of the subjects during life.

The concentrations of lead in the tissues of the 10
subjects are given in Table 6. The mean bone lead
concentrations exceeded those of the non-occupa-
tionally exposed male adults by about three-fold,
ranging between 85-50 ppm in the petrous temporal
bone and 29-92 ppm in the rib. Mean soft tissue lead
levels were comparable to those in the unexposed
group, with the exception of aorta, liver, brain,
blood, skin, pancreas, and prostate which showed
higher values.

An age-related comparison of nine of the oc-
cupationally exposed group with 29 unexposed male
subjects, all of whom were over the age of 55 years.
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T A B L E 6
CONCENTRATIONS OF LEAD (ppm WET WEIGHT) IN TISSUE OF 10 MALE
ADULTS AGED 29-82 YEARS WITH OCCUPATIONAL EXPOSURE TO LEAD

Tism*

Bone
Petrous temporal
Tibia .
CiKartum
Rib . .

Hair
Nails
Aorta

Alheroma
Non-atheroma

Liver
Kidney

Cortex
Medulla

Hilar lymphatics
Pancreas
Prostate
Skin
Spleen . .
Lunf
Thyroid
Blood
Suprarenal
Brain

Cortex
Basal canilia

Fat
Subcutaneous
Omentum

Cut
Caecum
Midfut
Stomach

Testi*
Heart .
Muscle
Faeces (ullt ash)
Urine fp|/l)

So. samples

2
9
2

10
3
3

3
4

10

10
10
8
g
7
4
9

10
9
9
8

10
3

5
1

6
6
5
3
9
5
6
1

Mean

8550
7401
5975
29-92
6567
2863

488
993
193

066
063
036
049
0-52
0-53
0-32
031
0-18
031
0-18

065
0-29

0-10
0-15

0-18
0-12
0 10
0-11
0-10
004

2432
72-0

SD

636
58 50
6-72

1391
4461
1506

440
1269

1 22

056
042
022
0-37
0-88
0-98
0-18
0 16
0-16
0 19
0-15

1-25
028

0 12

0-19
0-09
007
003
0-11
015

1300

Kanft

81 00- 9000
1660-221 00
55 00- 64-50
8 70- 61 00

1300- 9900
1 3 90- 44 00

210- 995
0 32- 27 90
087- 510

0-33- 220
0-23- 160
002- 061
0-13- 120
007- 250
001- 200
0-11- 0-57
0-14- 0-64
003- 050
002- 072
007- 0-52

003- 417
003- 058

001- 030

003- 0-44
003- 0-22
044- 0-20
0-08. 014
001- 035
002- 006
7 40- 52 20

showed mean bone lead concentrations that were
two to three times greater in the occupationally
exposed group. Mean soft tissue lead concentrations
were comparable, with the exception of the tissues
mentioned above which showed higher values in
the group exposed to lead.

The highest values for tibia, rib, aorta, heart, and
brain cortex were from an individual who had spent
43 years of his life working in a white lead factory.
He had retired from work at the age of 65 and died
at the age of 82 from coronary thrombosis (Barry
and Mossman, 1970). The remainder of his soft
tissue lead concentrations were similar to those of
the non-occupationally exposed group. Exclusion of
his tissues with high values reduced the soft tissue
lead concentrations of the exposed group to levels
comparable with those of the unexposed group, but
(he lead values for rib and tibia remained at more

than double those of the non-occupational exposure
group.

Total body burden of lead
The total body burden of lead was assessed in milli-
grams for each of the groups of adult male and
female subjects with no history of occupational
exposure to lead, comprising 60 and 36 subjects
respectively, for the group of 10 male adults with
occupational exposure to lead, and for the 23 children
of both sexes under the age of 16 yean.

The assessment was made using a table of per-
centages of organ weights relative to the actual body
weight of each subject and also to a standard body
weight of 70 kg (Barry and Mossman, 1970). Where
an organ was missing the mean lead concentration
for that organ in the age group of the subject was
substituted, or failing this, the mean value of the
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organ for (he whole group was taken. The skeleton
was represented by the tibia and rib. it being
assumed for purposes of the assessment (hat dense
bone and erythropoietic bone are present in ihe body
in a ratio of equal weight.

The total body burden of lead in each group of
subjects is given in Table 7. The mean total body
burden of lead in female adults was less than that of
unexposed male adults, i.e.. 103-6 mg compared to
164-8 mg. The mean soft tissue lead totals were 6-2
mg in female adults and 9-3 mg in male adults. The
lead in bone amounted to 94% of the total body
burden in both sexes, of which over 70"; was in
dense bone. At a standard body weight of 70 kg
the difference in the mean total body burden of lead
between the sexes was reduced, i.e., 118-9 mg in
female adults and 164-8 mg in male adults: the
respective soft tissue values were 7-1 mg and 9-3 mg.

The total body burden of lead in children was
much lower than the body burden in either male or
female adults. On a basis of a mean actual body
weight of 23 kg they showed a mean total body
burden of 12-3 mg of lead, which on conversion to a
standard body weight of 70 kg became 37-2 mg. Their
lead in bone accounted for 72% of the total body
burden with small differences between bones. The
mean lead content in the soft tissues was 3-4 mg
on actual weight, compared to 10-2 mg when
assessed on a standard body weight of 70 kg, a figure
marginally in excess of the equivalent measurement
in adults. In contrast, the content of lead in the
bones of the children was proportionately much less
than in adults.

An age-related comparison of the total body
burdens of lead in children showed a mean lead
content in bone of 1-02 mg in eight infants of less
than I year of age (mean weight 6 kg) compared to
9-36 mg in 10 children aged 2 to 9 years (mean weight
19 kg) and 20-58 m» in five children aged 13 to 16

years (mean weight 58 kg). The soft tissues showed
mean lead values of 0 75 mg, 3-45 mg, and 7-37 mg
in the respective age groups. The percentage of lead
in the bones of the total body burden of lead in the
three groups was 57% in the infant group and 73%
in each of the other two groups.

When assessed on the basis of a standard body
weight of 70 kg. the bone lead content in the infant
group was less than half that of the other two
groups at 12 95 mg. compared to 32 63 mg and 26-41
mg respectively. The soft tissue lead content in the
infant group was 8 75 mg. compared to 1315 mg
and 9-33 mg respectively in the other two groups. The
children aged 2 to 9 years showed the highest lead
content in both bone and soft tissues of the three
groups of children, on a standard body weight
assessment of 70 kg.

The occupational exposure group of 10 male
adults had mean total body burdens of lead over
three times those of the unexposed male group, i.e.,
566-4 mg Pb. compared to 164 8 mg (Table 7). Of
the total body burden of lead in each group. 97%
of the lead was in the bones of the occupationally
exposed subjects and 94% in the bones of the
unexposed subjects. The mean soft tissue values of
the occupational group exceeded the mean soft tissue
values of the unexposed group at 15-7 mg and 9-3
mg respectively.

A comparison of the occupational exposure and
non-occupational exposure groups of mak adults
over the age of 53 years showed the mean total body
burden of lead of the occupational group to be
nearly three times that of the non-occupational
group, i.e., 611-3 mg and 213-9 mg. The percentages
of lead in bone in each group were 97% and 96%
respectively. The mean soft tissue lead values in the
occupationally exposed group were nearly double
those of the unexposed group, at 16-0 mg and 8-5
mg respectively. When assessed on a standard body

TABLE 7
TOTAL BODY BURDENS OF LEAD IN MILLIGRAMS

T'aaM

BOM
Soft mtu« . .
Total
% Pb in bout

•OM ..
Scfl (HUM
Total
% Pb in bom

40Mafca»W»
Nan accufftltml txmatun

(mm actual •» TO *f )
Mra* SO font*

155-5 19-39 21 *-34:0
9-1 3-12 27. 203

1*4-1 19-51 272-3535
944

t
1

1
•

10 Malt adult t
Occttpaltatmt rvpoiurr

(Mrm actual ml ?» *r>

Mran SO Kant*

5-01 411 21 149 7. 16610
137 12 II 36- 46 )

5M4 41453 1624-1691 S
972

.liana**

307 3 1266-14114
144 54- 3*4

5217 1374-14313
972

It Frtnalt adulti

(\fn* actual mt SI if)

Mm> SO «OJM*

974 tVfc 72, 12 1-2374
6-2 1 61 32- 97

103* 6703 115-2443
940

\
••«f to 70 t«

Mil 19-0-3293
71 46- 10-3

I I I* 290-339-2
940

33 CklUrn

(Mran actual -I 13 *f )

Mta* SO font

19 163 0-2-234
34 171 03- II

12-J I I I I 05-337
715

270 33-51*
10-2 71 -14-9
37-2 10-443-5
725
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TABLE 8
TOTAL BODY BURDENS OF LEAD (mg) IN ACE GROUPS—NON-OCCUPATIONAL EXPOSURE

| Male
Age group
(actual *n

0- 9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-19
90-99

(Standard »l 70 kg)
0- 9

10-19
20-29
30-39
40-49
50-59
60-69
70-79
10-19
90-99

;\0.
samplri

9
8
9
J
9
9

IS
5
5

9
1
9
5
9
9

15
5
5

Bone

A/ran

5 19
3391
5325

121 58
151-94
17(43
196-17
174-77
25619

2058
3125
54-75

11295
132-77
17087
21008
20238
311 71

Range

0-17- 19-95
IS 20- 88 54
27 30- 7708
21 98-25676
5733-335-56
97-77-34204
3640-259-12
8581-26208

21964-29530

3 27- 46-54
12 51- 97 39
29-28- 84 34
2102-25676
35-14-29529
9759-317-31
85-08-33834
82-07-320-32

281 28-385-88

Soft

Mean

1 82
986
895
877

II 20
857
785
9-36
956

9-74
II 16
9-26
802
947
829
827

1066
11-15

tissue*

Haute

0-26- 4 87
528-1966
5-32-11 12
5-17-11 16
651-2027
6-38-11 74
267-1362
5-47-10-73
556-1431

7 12-1265
505-2163
732-1223
495-11 16
651-17(4
6-42-1063
333-11 45
633-1367
941-1431

Total

701
43(4
6220

1 30-35
163-14
18700
20402
184 13
26645

3032
4941
6401

120-97
14224
179-16
21835
21304
322(6

'/. Bone

7404
77-51
8561
93 27
93 13
•J5-42
96-15
9492
96-41

6788
77-41
(5-53
93-37
93 34
9537
96-21
9568
9655

Aft group
(actual wt)

0- 9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-89
90-99

(Standard wt 70 kg)
0- 9

10-19
20-29
30-39
40-49
50-59
60-69
70-79
(0-89
90-99

Femait

No.
SttHt9ltS

9
1
5
2
7
4
8
4
4
1

9
1
5
2
7
4
8
4
4
1

BOM
Mem

600
7235
37-58

15288
73-22
80-92

10363
114-17
145 IS
23697

2718
7959
4048

140 12
7437
9248

13299
149-74
165(6
325(3

Rant*

1-18- 14 16

21 34- 5207
125-58-180-18
12-10-160-16
31 12-131 13
27-27-237-37
5857-23546
3625-22932

8-13- 58-57

2402- 54 54
115 11-165 16
19-01-160-16
36-03-131 13
42(4-32932
8509-28778
4984-24274

Soft tiiuiet

Mean

268
654
573
651
7-44
5 13
661
309
539
688

1265
7 19
6-17
597
777
560
839
665
647
946

Kaxgt

069- 5 79

3 34- 7 75
5-99- 7 03
5-26- (95
3 35- 6 53
3 18- 9-74
3 19- 661
4 20- 693

757-2490

5 25- 7 75
5 49- 6-44
526-1003
4 91- 6 23
538-1034
I 40- 8 08
460- 9-15

Total o/ tinmt/« »»wr

868
7889
4331

15939
(0-66
(645

110-24
119-16
ISO-57
243(5

39(3
8678
4665

14609
(2 14
9808

141 38
156-39
17233
33529

69 12
91-71
(5(0
9592
90-7(
9404
94-00
95-73
96-42
97-11

68-24
91 71
86-77
95-91
90-54
9429
94-07
J57S
96-25
97 IS

weight of 70 kg, the occupational group showed a
mean total body burden of lead of 570-5 mg com-
pared to 226-8 mg in the unexposed group, a ratio
of 2-52:1. The mean soft tissue lead values were
14-9 mg and 9-0 mg respectively, a ratio of 1-66:1.

The total soft tissue body burdens of lead were
greater in the occupational ly exposed group than in
the unexposed group, but bone lead body burdens
were proportionately greater still.

The total body burdens of lead are shown on an
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age-related basis for male and female subjects with
no occupational exposure to lead in Table 8. The
mean bone lead content represented more than 90%
of the total body burden of lead in both sexes in
each age group after the third decade of life. When
assessed against the actual weight of each subject, the
amount of lead in bone ranged from a mean of
5-19 mg in the first decade up to 256-89 mg in the
ninth decade in male subjects, and in female subjects
6-00 mg in the first decade up to 163-53 mg in those
over 80 years of age. The mean of the soft tissue lead
values in each age group ranged between 1-82 mg
and 11-20 mg in male subjects, and between 2-68
mg and 7 44 mg in female subjects. At a standard
body weight for all subjects of 70 kg the mean bone
lead content in mates ranged between 20-58 mg in
the youngest age group and 3II-71 mg in the oldest,
and in females between 27-18 mg in the youngest and
197-85 mg for those over 80 years of age. The mean
soft tissue lead concent in males varied between
8 02 mg and 1116 mg, and in females between 5 60
mg and 12-65 mg, the higher values coming from the
childhood age groups.

Figure 5 shows, on a basis of actual weight, that
the bone lead content increased with age in both
sexes but more substantially in the males. The soft
tissue lead content was generally greater in males
and in both sexes showed a regression with a peak

lead content in the 30 to 40-year-old age group,
followed by a small reduction and a further small
rise after the seventh decade.

Hair and nails
The postmortem studies provided evidence that lead
was concentrated in hair and nails to a greater
degree than in soft tissues in both male and female
adults and in children. Wide variations in lead
concentrations between samples were observed,
particularly in hair.

A comparison of results for male and female adults
and children is shown in Table 9. The mean values
for 65 subjects from whom samples were obtained
were 11-4 ppm in hair and 10-7 ppm in nails. Lead
in hair values of I 000 ppm in a male adult with
no occupational exposure to lead and 325 ppm in a
female adult were excluded from the above results. If
these are added to the total the mean value for lead
in hair becomes 30-8 ppm. In this female subject it
was noted that the initial dark colouration of the
hair became progressively lighter during the pre-
liminary washing process with a detergent solution,
suggesting that a dye, probably containing lead, had
been used during life.

Excluding the two highest values, the mean lead
in hair concentration was lower in 33 non-occupa-
tionally exposed male adults than in 18 female adults

Mnl.t

Bont 74 lubjtcri
r.O79(P.<OOOII

Bon« 45 iub|tcti
r.O65IP.<OOOH

Soft tuiuti 45 iub|«cr>
r.O74|P.<OOCH)

Soft nuuti 74 iuk|*cri
.O67(P«<OOOI1

30 40 50 bO 70 80 90 O O 2 O » 4 O » 6 O 7 O « O 9 O

FIG. 5. Total body burdens of lead (95 % confidence limits): actual weight.
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TABLE 9
LEAD CONCENTRATIONS IN HAIR AND NAILS (ppm) IN POSTMORTEM SUBJECTS

1
Hair
Vo. samples
Mean
SO
Range

A'di/i
No. samples
Mean
SO
Range

65 (67)'
1 1 4 (30 8)
17 1

0 7-99 0 (0 7-10000)

47
107
176

07-1000

Male ailiilis

\vit-otciipationol
exposure

33 I.U»
66 ( 358 )
5 1

1 0-200 (1 0-10000)

28
4 7
35

07-150

Occupational
r.rfosurt

3
657
446

150-990

3
286
15 1

139-440

18 ( 19 )
1 1 5 (28 0)
149

0 7 - 5 5 0 (07-3250)

I I
56
4 2

15-150

I I
107
7 4

2 3-25 0

5
442
372

60-1000

'Two highest hair lead values included in parentheses

at 6-6 ppm and 11-5 ppm respectively. The concen-
trations of lead in nails were lower than in hair and
were less divergent at mean values of 4-7 ppm in 28
males and 5-6 ppm in 1 i females. The mean con*
centration of lead in the hair of 11 children approxi-
mated to the adult female value of 10-7 ppm, but
the mean lead in nails concentration of 44-2 ppm in
samples obtained from five children exceeded
equivalent adult values by more than eightfold. In
the report by Barry and Mossman (1970) a mean
concentration of 19-9 ppm lead was recorded in the
hair of eight living children, which included three
who gave nail samples with a mean lead concentra-
tion of 35-0 ppm.

Barltrop tr al. (1974) found significant differ-
ences in hair lead content among two groups of
children living in separate districts with high and low
lead contents in the soil (10 000 ppm and 500 ppm).
Children with pica for soil living in the high soil
lead area showed mean hair lead values of 21 ppm
compared to 16 ppm for children without pica. In
children living in the low soil lead area no significant
difference was noted in hair lead concentrations
between those with pica and those without, i.e., 10
ppm and 9 ppm respectively.

Hair lead concentrations showed no evidence of
regression with age in either sex. Nails showed high
lead values in the young age groups in both sexes,
but by the third decade of life the values had
reduced and showed no evidence of regression
thereafter.

Only three postmortem samples of hair and nails
were obtained from the occupationally exposed
subjects. These showed mean lead values of 65-7
ppm in hair and 28-6 ppm in nails, both much higher
than equivalent values in non-occupationally exposed

adult subjects. Two of the three occupationaliy
exposed subjects were still actively engaged at work
prior to their deaths, one as a painter and the other
as a scrapyard worker.

To determine whether a correlation might exist
between the concentration of lead in hair and lead
in blood and urine, 32 adult male lead workers were
examined, whose prime exposure was to inorganic
lead with an additional lesser exposure to organo-
lead. Hair samples were obtained from each worker
and divided so as to represent hair proximal and hair
distal to the scalp. The samples underwent a triple
wash with detergent solution prior to analysis.

The results showed that hair distal to the scalp
contained higher lead concentrations than hair
proximal to the scalp, at mean concentrations of 517
ppm and 402 ppm respectively. The mean blood
lead concentration was relatively low at 30 pg/100 g
blood. The highest value of 67 ^g Pb/100 g blood
was within acceptable limits for occupational
exposure (Lane et al.. 1968). The mean urinary lead
concentration was 82 ^g/litre at a specific gravity of
1019.

The concentrations of lead in hair were dis-
proportionately high compared to the concentra-
tions of lead in blood and urine. They greatly
exceeded the concentrations in the postmortem
subjects.

There was no correlation between lead in haii and
the time each individual spent in the industry, or
with concentrations of lead in blood and in urine.
Regression analysis showed no evidence of increase
of lead concentration in hair with age. Blood lead
and urinary lead concentrations did not relate to age
nor to the period of time that the individuals were
employed in the industry.
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Discussion

A study of lead concentrations in the tissues from a
series of postmortem subjects has shown a difference
between the sexes and between children and adults.
Male adults were found to have more lead in their
tissues than female adults, and in both sexes bone
was shown to accumulate lead with age. The
accumulation of lead in bone was far from uniform,
which suggests that the intake of lead in food and
beverages and of airborne lead inhaled during the
course of various occupations at home and at work
varied widely between individuals. An explanation
for the observed difference between the sexes could
be that male adults consume a greater bulk of food
and therefore of lead than female adults, and may
also be involved in a greater variety of occupational
experiences which carry an enhanced exposure to
lead.

The results suggest that lead is retained in the
dense bones of the body and does not become
available for subsequent release. Osteoporosis with
decalcificaiion of the skeleton is a common physio-
logical accompaniment of old age. If loss of lead
from bone accompanied decaJcification. then it
would be reasonable to expect the lead concentra-
tions in the bones of the elderly, irrespective of sex, to
show evidence of decrease. The findings do not
provide such evidence but lend to support the view
that lead deposited in dene bones does not subse-
quently become mobilized to affect physiological
function irrespective of the effects on body metabo-
lism of disease processes. These observations run
counter to those of Hardy (1965; 1966) who con-
sidered that the mobilization of lead from the
skeleton of the aging may be a cause for serious
concern. A preliminary assessment of our data did
not suggest that a correlation would be found in
respect of tissue lead concentrations and disease
states, or causes of death.

A significant point with respect to any effect
which might result from the combined release of lead
and calcium from bone would be the concentration

yn bone of lead relative to calcium. At a total body
> burden of lead in bone of 220 mg, assessed as the
amount present in a mature man of 70 kg, and of
calcium in the skeleton of I 1 kg. the ratio of lead
to calcium would approximate to one part in 5 000.
If the amount of lead released from bone was
determined by the rate of release of calcium, then a
concentration of lead in blood sufficient to cause
concern in relation to health would necessitate a
proportionately much larger release of calcium.
Assuming a total blood volume of S litres, to increase
the concentration of lead in blood from 20 f<g/100
ml to 40 /ig/100 ml would necessitate an addition of
1 mg of lead to the total Mood volume. This would
be equivalent to 5 g of calcium, i.e., 100 mg Ca/100

ml blood, a concentration 10 times in excess of
normal blood calcium levels. In considerations of
possible effects of the release of lead from bone in
conjunction with calcium, the large difference in
ratio of lead to calcium in bone should not be over-
looked.

The concentrations of lead in the majority of the
soft tissues appeared to achieve equilibrium during
the second decade of life in both sexes and thereafter
were maintained, irrespective of age or of concen-
trations of lead in bone. The retentive capacity of
bone for lead and its unavailability for release into
soft tissues is exemplified by the findings in the
tissues of the group of occupationally exposed male
adults.

In the case of children the results indicated that
concentrations of lead in their soft tissues approxi-
mated to the values found in adults and in some
tissues exceeded adult values. In contrast, bone lead
concentrations were very much lower than in adults.
These findings suggest that the immature skeletal
structure of children is less able to absorb and
retain lead than is the mature dense bone of adults.
In some measure this might account for a higher
concentration of lead to be found in the soft tissues
of children exposed to excessive lead intake than in
the same tissues of mature adults exposed to an
equivalent intake, bearing in mind differences of
weight and surface area.

Thompson (1971). in a lead balance study, esti-
mated that individuals retain an average of approxi-
mately 10 jig of lead per day. This would be equiva-
lent to 219 mg of lead retained after 60 years,
virtually the same as the postmortem finding of 218
mg assessed on a standard body weight of 70 kg in
the bones of the group of unexposed male subjects
over the age of 55 years whose average age was 68.
However the accumulation of lead in bone will
depend upon past exposure which may fluctuate
widely in the course of a life span. It is unlikely that a
quantitative assessment of retention can be accurately
determined on a day to day basis.

It has been suggested that the lead content of hair
may represent the level of lead exposure and absorp-
tion to which an individual might have been subjec-
ted (Kopito.Briley.andSchwachman. 1969; Hammer
tt at.. 1971; Dakhakhny and Sadik. 1972; Renshaw,
Pounds, and Pcarson. 1972; Weiss, Whitten and
Leddy. 1972: Barltrop et at., 1974).

The results from the 32 lead workers in the present
study suggest that much of the lead found in hair
came from sources external to the body and was not
representative of the body burden. The facility of
lead for adsorption onto keratin together with the
presence of sulphydril groups in hair which have a
strong affinity for lead would argue that the lead
present in the atmosphere, much greater in a lead
industry than in the general ambient air, may have
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contributed directly to (he concentrations ot' lead
that were found. The difference in lead concentra-
tions between hair proximal to the sculp and hair
distal to the scalp lends support to this hypothesis.

Dakhakhny and Sadik (1972) found that in hair
samples from a group of lead workers, washing with
detergent solution alone was insufficient to remove
all lead contaminating the hair, and they incorpo-
rated a wash with I % hot nitric acid. The average
of their results was less than 20 ppm of lead in hair
and none exceeded 81 ppm. values very much lower
than those found in our own group of lead workers.
By contrast the mean/lead concentration of 61/ig/
lOOg in their group of workers was twice that of
our group. Treatment with nitric acid would appear
to reduce surface contamination to a marked degree
but might also result in a loss of lead from hair that
may have been incorporated by physiological absorp-
tion as opposed to surface attachment.

The concentrations of lead in nails were generally
less divergent and lower than those found in hair
in the group of postmortem subjects, with the
exception of the children where the reverse held
true. Samples were obtained from truce of the
occupationally exposed male adults and these
showed higher values for both hair and nails than
the unexpo&ed group.

There did not appear to be a correlation between
the concentrations of lead in hair or nails and the
total body burden of lead in the postmortem group
of subjects not occupationally exposed to lead. In
their study, Schroeder and Tip ton (1968) con-
sidered it doubtful whether hair lead levels reflected
body burdens.

The concentration of lead in hair does not seem to
afford a good parameter upon which to base an
accurate estimate of lead absorption. It may provide
broad evidence of environmental exposure of
relatively recent origin, but because of the prob-
ability of the firm adherence of lead from external
sources, hair lead cannot be regarded as a reliable
indicator of lead intake which could supersede the
measurement of lead in blood and urine or of ALA
and coproporphyrin in urine.

The findings in this investigation in which the
study by Barry and Mossman (1970) was extended
by additional data did not differ fundamentally
from those of the earlier report. An exception was the
earlier observation of a biphasic frequency distribu-
tion of lead in the male tibia which was not con-
firmed and did not warrant the explanation put
forward in the original study.

Lead is an inevitable constituent in the body of
man where in soft tissues it is in balance in dynamic
equilibrium, as was demonstrated by Kehoe (1961).
T'.e equilibrium may be altered by change of intake
which may be excessive in the case of workers ex-
posed to lead, and in children among deprived

families l iv ing m poor socio-economic circum-
stances in whom the habit of pica may b« prevalent.
Chisolm ( I97U. Sachs 11974). Guinee (1971).
Emmerson (1963). Henderson H954). Laurer et at.
(1973). and Barltrop (1971; 1972) have clearly
defined those situations which give rise to a child-
hood risk, practically all associated with the inges-
tion of peeling flecks of lead-containing paint from
the surfaces of old dilapidated houses. Other unusual
causes giving rise to high lead intake include the
drinking of alcoholic and other beverages con-
taminated with lead, the use of cooking utensils and
improperly glazed ceramic tableware containing
lead, the ingestion by children of lead in toys and
exposure to the burning of scrap lead batteries, water
supplies contaminated by lead piping, cosmetics and
factory emissions (Conway, 1940; Cantarow and
Trumper, 1944; Travers, Rendle-Short. and Harvey,
1956; Lane and Lawrence. 1961; Morgan. Hartley,
and Miller. 1966; Harris and Elsea, 1967; Walls,
1969; Klein et al., 1970; Hickman, 1970; Beanie et
al.. I972a: Beanie et al.. 1972b; Fugas et al.. 1973;
Martin ei al., 1974; and McNeil and Ptasnik. 1974).

The majority of the findings in this report compare
quite closely with those of Tompsett (1936), Morris
(1940). Kehoe (1961). Nusbaum et al. (1965), and
Schroeder and Tipton (1968). They do not suggest
that levels of lead in the environment, with the
exception of unusual circumstances of exposure,
have caused an increase of lead uptake in body
tissues in recent decades. The physiological capacity
of man for the disposal of varying quantities of
absorbed lead would appear to be highly developed
and well adapted in protecting him from its adverse
effects. The evidence does not support the conjecture
that present-day levels of lead in the environment
are a cause for concern in relation to the health of
the population in general.
I wish to acknowledge the invaluable contribution of Dr.
D. B. Mossman who provided the bulk of the tissue
samples from the postmortem subjects, and the work of
Mr. E. H. Lowe and his staff at the Lostock Green
biological laboratory of The Associated Octel Company
Limited who undertook the analysis of the tissues. I
record also my appreciation of Mr. J. F. Church who was
responsible for the statistical analysis of the data, of Miss
B. Baker who provided information on case histories and
occupations of the subjects investigated, and of Mr. F.
Murray and Mrs. D. E. Lowe lor the assembly of data
and secretarial assistance.
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